ABSTRACT.-I report on an incident involving a Steller's Jay (Cyanocitta stelleri) and an American Crow (Corvus brachyrhynchos) at a feeding platform. After repeated failures to drive the crow from the platform by scolding, approaching and diving at it, the jay flew into a bush where it worked vigorously to break off a stick. Having broken off the twig, the jay, with stick in bill, approached the crow and thrust the pointed stick at it. The crow lunged at the jay which then dropped the stick. The crow picked up the stick and flew after the jay. This appears to be the first case of a bird holding an object and using it in a weapon-like way during an aggressive action against another bird. 
ing the crow for about 10 sec. The crow paid no heed to the scolding jay as it continued feeding. The jay on the platform then made feinting movements toward the crow with its bill extended in the direction of the crow. The jay cautiously and haltingly approached the crow as if to attempt to pull its tail or peck it. The jay approached to within 7-10 cm of the crow and appeared to be in the throes of a ''fight or flight'' conflict. The crow then turned to face the jay and hopped in its direction. The jay quickly hopped backwards. The jay again approached the crow making jabbing motions toward it as it continued to scold loudly. Each time the jay approached, the crow turned to face it and make a slight lunging movement toward it. This exchange was performed six times. The jay then flew to the roof of the house directly above the crow and scolded loudly for 5-6 sec. The crow continued to pick seeds from the platform. The jay then swooped down toward the crow just missing its head and back. The crow jumped at the jay but no bodily contact occurred. The jay again flew onto the roof and called loudly for 5-6 sec. The jay then dived a second time at the crow, again narrowly missing its head and back. The crow continued to feed from the platform.
The jay then flew into the mountain mahogany and vigorously worked with its bill to break off a twig from a dead branch. The jay succeeded in breaking the twig from the branch and held it in its bill so that it pointed forward. The twig was about 10 cm in length, and about 0.75 cm in diameter. The twig end in the jay's bill was rather blunt; in contrast, the other end was pointed. The jay then flew to the feeding platform with the twig in its bill. The jay lunged at the crow with the pointed end of the twig directed at the body of the crow. The stick missed the crow by only a few cm. As the jay approached, the crow lunged quickly at it. The jay flew up with a startled jump backwards, wings extended, and again landed on the platform and dropped the twig onto the platform. The crow then picked up the twig in its bill and lunged at the jay with the stick pointed at the jay. The two jays then flew off and the crow followed them with the twig in its bill.
Was the twig a weapon? If so, do we define a weapon as a tool? In animal behavior, usual definitions of a tool indicate that tools must be extensions of the body of the organism that are used in a way that allows the organism to exploit a resource or situation that could not be exploited without the object used as a tool. Also, in the case of birds, the tool must be an extension of the bill or feet. In the usual sense, the meaning of ''extension of the bill'' would refer to a feeding apparatus, but bills are also used by birds in aggressive interactions. Thus, even in the strictest sense this case appears to be one of tool use. The twig was a tool that was used as a spear or a lance to be thrust at a potential enemy as an extension of the bill. The purpose for using the twig as a weapon was, ostensibly, to drive the crow from the feeding platform, something the jay had failed to do by scolding, approaching aggressively, and aerial attack. The jay may have viewed the crow as a food competitor or as an impediment blocking its access to the feeder. Whether or not it was the jay's intention to use the twig as a weapon when it returned to the feeding platform with it, the twig appeared to take on this function. The crow's intentional use of the twig as a weapon is more problematic given that it had previously ''lunged'' at the jay without a tool. An alternate explanation might be that the crow picked up the twig out of curiosity and then lunged at the jay because it was close by.
The jay broke the twig off the shrub. The twig was of such a length and width that it could be easily manipulated by the jay. This behavior can be cautiously interpreted as weapon construction. Having failed to drive the crow from the platform using three other methods, the jay used a twig as a lance against the crow. Possibly, the crow then proceeded to use this newly acquired weapon against the jay. In this scenario both species were using a tool against each other, first the jay against the crow and then the crow against the jay.
DISCUSSION
Tool use by birds has received considerable recent attention (Lefebvre et al. 2002; Emory and Clayton 2004a, 2004b) . These authors conclude that tool use by birds is more common than previously thought. Lefebvre et al. (2002) recently catalogued all reported cases of tool use by all birds that were published in 68 short note sections of journals as well as previous reviews. They found 39 ''true'' use of tools (objects detached from the substrate and held in foot or mouth, McFarland 1982) and 86 ''borderline'' cases (defined as objects that are of the substrate such as anvils, wedges, thorns, and bait) (Hansell 1987 , Vauclair 1997 . The Common Crow used the most techniques (n ϭ 5) with other members of the Corvidae also possessing an impressive repertoire of tool uses. For example, Blue Jays (Cyanocitta cristata), close relatives of Steller's Jays, were observed tearing paper and using it to rake in food from outside their cages (Jones and Kamil 1973) . The New Caledonian Crow (Corvus moneduloides) may use the most complex tool construction and use behavior of any known bird. They have been observed constructing tools of different types to solve different types of foraging challenges. Useful tools are then carried around during foraging bouts (Hunt 1996; Chappell and Kacelnik 2002, 2004) .
Tool use by corvids should not be that surprising given their large brain (Marzluff and Angell 2005) and considerable cognitive abilities (Emery and Clayton 2004a, 2004b; Emery 2006) . Lafebvre et al. (2002) found a positive correlation between true tool use and brain size. Tools used as weapons, however, seem less common in birds. Corvids have been known to drop objects on humans that are threatening nests or offspring (Caffrey 2001), and Boswell (1983) cites a case of a Black Eagle (Aquila verreauxii) dropping sticks on nest intruders.
Behaviors that are classically associated with lance or spear use were observed in this bout. The jay first selected and prepared an object that could readily be used as a spear, and then lunged at the crow with the spear, the crow startled the jay which then dropped the twig. The crow retrieved the twig and possibly used it against the jay. The current report may be the first incident of a bird holding an object and using it in a weapon-like fashion during an aggressive action against another bird. The incident reported herein adds to our understanding of how a variety of items in a bird's environment may be used to aid in pursuit of resources and to gain control over their living space.
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LITERATURE CITED BOSWELL, J. 1983. Tool-using ABSTRACT.-We describe predictable nocturnal soaring flight in Turkey Vultures (Cathartes aura) feeding at a landfill in eastern Pennsylvania. Birds feeding at the landfill returned to their roosts each evening by gaining altitude while soaring in thermals above flared methane vents at the site. Our results highlight behavioral plasticity in this species, which, in part, may explain why Turkey Vultures are so com-for new sources of food, and during migration (Pennycuick 1972 , Mundy et al. 1992 , Kirk and Mossman 1998 , Ferland-Raymond et al. 2005 . At times, the species engages in intermittent flapping flight, particularly when departing from and descending into their roosts. This behavior is generally rare except when updrafts are unpredictable or weak. Our observations, assisted by radio tracking, indicate that lack of sufficient assisted lift can ground individuals several days or more (JTM, pers. obs.). Turkey Vultures have long been known as ''late risers'' (Ludlow Griscom in Bent 1937) that usually restrict their daily activities to mid morning to late afternoon when thermal-and slope-soaring are possible (Kirk and Mossman 1998).
Anecdotal and possibly disturbance-induced nocturnal flight has been reported in the species (Tabor and McAllister 1988) but regular nocturnal flight is unknown. Here, we report regular nocturnal flight in Turkey Vultures returning to their roosts in the evening after soaring in anthropogenic thermals created by flared methane at a landfill in eastern Pennsylvania.
METHODS
We watched Turkey Vultures on 120 nonrainy days from 12 July to 5 November 2004, and from 20 June to 17 July 2005, at a 45-ha Waste Management, Inc. landfill in Pen Argyl, Northampton County, Pennsylvania (40Њ 52Ј N, 75Њ 15Ј W). Birds were observed continually from 0730 to 2315 hrs EST, with a 3-hr break from 1300 to 1600 hrs EST. Observations were from an unused hilltop on landfill property, with the farthest roost being ϳ300 m. Adequate artificial lighting at the site permitted nocturnal observation without special equipment. Prior to the observations detailed here, we observed vultures at three communal roosts near the landfill for 20 days in June 2004 and for 47 days in July and August 2003. Our roost-site observations, which were conducted from dawn until dusk, and included both unmarked individuals and radio-marked birds, are used here to establish a temporal baseline for vulture behavior in the area.
Methane is vented at two sites at the landfill. One site, the ''big flare,'' consists of a group of three 10-m-high vent pipes. The other site, the ''little flare,'' consists of a single 10-m vent pipe. At both sites methane is flared continuously, around-the-clock, 365 days a year.
OBSERVATIONS
Between 30 and 90 Turkey Vultures fed at the landfill daily. On more than 70% of the days, 10 to 15 individuals fed until 2100 to 2300 hrs EST or approximately 90 to 210 min after local sunset. We do not know whether the late-feeding birds were the same individuals each day, or whether a larger subset of the population engaged in late feeding on an occasional basis. Vultures that fed in farmlands, woodlands, and suburban areas near the landfill returned to their roosts before 2000 hrs EST or, at most, 30 min after the local sunset.
Turkey Vultures that left the landfill used both natural thermals and anthropogenic thermals at the methane vents throughout the day to gain lift before departing the site. When natural thermals were no longer available after sunset, vultures that left the landfill initially approached the vents in flapping flight, and then circle-soared to approximately 100-200 m in thermals above the vents before gliding in the direction of nearby roosts. On most days, 10 to 30 vultures arrived at the landfill before 0800 hrs EST, soared above the vents for several minutes, and then departed, presumably for more distant feeding sites.
Turkey Vultures feeding at the site roosted in three communal roosts within 4 km of the landfill. Two of the roosts contained 30-50 Turkey Vultures and 5-10 Black Vultures (Coragyps atratus). A third roost contained 10-15 Turkey Vultures. Black Vultures at times fed at the landfill but none remained as late in the day as Turkey Vultures, and none soared in thermals above the vents. DISCUSSION Thermals created by flared methane appeared to be considerably stronger and hotter than nearby ''natural'' thermals. Vultures soaring above the vents ascended more rapidly than those soaring in nearby natural thermals, and many appeared to have difficulty maintaining level flight while doing so. Most of the birds that flew within vent thermals did so intermittently, and rather than circle-soaring radially about the center of the thermal while ascending constantly, circle-soared tan- gentially within the thermal for brief periods and then circle-glided outside the thermal for longer periods (Fig. 1) . We believe that individuals did so because they were not able to soar continually within the vents. Workers at the site reported finding Turkey Vulture carcasses at and near the bases of the vents, suggesting that in addition to providing soaring opportunities for vultures, the anthropogenic thermals at the vents also killed them, most likely either by scorching or suffocating individuals. Thus, the vents may have created an ''ecological trap'' for the birds that used them (Schlaepfer et al. 2002) .
That Turkey Vultures, but not Black Vultures, soar in vent thermals at this site may be due several factors. First, many vultures that roosted nearby searched for carrion in the surrounding landscape rather than for food refuse at the landfill, suggesting that food was limited at the landfill. We tested this hypothesis by placing a road-killed white-tailed deer (Odocoileus virginianus), a road-killed common raccoon (Procyon lotor), and a butchered chicken (Gallus domesticus) at visible locations at the site to examine the extent of competition for food. Up to six Black and Turkey vultures fed upon the chicken simultaneously, and up to 14 individuals fed simultaneously upon the deer. Black Vultures dominated Turkey Vultures at feeding sites, suggesting the former may be able consume sufficient food without prolonging the length of their feeding day. Second, Turkey Vultures typically hold their wings in a pronounced dihedral when flying low over the landscape, a self-righting aerodynamic ''design'' that stabilizes their flight in turbulent air (Mueller 1972) , whereas Black Vultures do not. The relatively turbulent nature of thermals above the vents may have precluded their use by Black Vultures.
That Turkey Vultures are able to lengthen their daily activity periods via use of anthropogenic thermals suggests considerable behavioral flexibility in the species. This may help explain its large range and relative abundance.
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We thank Sarkis Acopian for funding our studies of Turkey Vultures, Hawk Mountain Sanctuary for providing office space and housing during our field work, and Waste Management, Inc. for providing access to the landfill. We also thank Nicole Barko for preparing Figure 1 . This is Hawk Mountain Sanctuary contribution to conservation science Number 143. LITERATURE CITED BENT, A. C. 1937 The Mallard (Anas platyrhynchos), a ubiquitous dabbling duck distributed across North America, is a generalist omnivore. Diets of dabbling ducks vary geographically and seasonally, with animal (primarily invertebrates) and plant matter (natural wetland plants and agricultural crops) comprising the bulk of diets in spring/summer and fall/winter (Bellrose 1980, Baldassarre and Bolen 1994) . Importance of salmon (Onchorhynchus spp.) as nutrients to aquatic and terrestrial habitats is well documented (Cederholm et al. 1999 , Hilderbrand et al. 1999 , Gende et al. 2002 , Reimchen et al. 2003 , Gende et al. 2004 , Hilderbrand et al. 2004 ). This has led some researchers to consider that salmon are keystone species (Willson and Halupka 1995) . A wide variety of vertebrates, including birds and mammals, consume anadromous salmon as predators of live fish or as scavengers of carcasses. A diverse assemblage of birds (including the Mallard) has been identified as con-1 9715 Independence Dr., Apartment B109, Anchorage, AK 99507, USA; e-mail: jsgleaso@hotmail.com suming salmon eggs or juvenile offspring (i.e., alevin or parr) (Cederholm et al. 1989, Gollop and Marshall 1954) tipping-up and removing flesh from sockeye salmon (Onchorhynchus nerka) carcasses discarded after being filleted by anglers. The female with her brood proceeded upstream between the anglers and the riverbank, periodically tipping-up to dabble on carcasses. I witnessed 4-5 separate feeding attempts over ϳ15 min before the female and brood left my field of view.
On 13 August 2005 while fishing at Sheep Creek Slough near Willow, Alaska (150Њ 05Ј W, 61Њ 58Ј N), I observed (1000 hrs AST) a single adult male Mallard feeding on coho salmon (Onchorhynchus kisutch). The Mallard was surface dabbling and feeding with neck submerged. I observed the Mallard ingest a sperm sac and several relatively small fragments of muscle tissue carried downstream from a fish cleaning station. During observations at both locations, I was sufficiently close (Ͻ3 m) to the Mallards to observe ingested items pass the esophagus.
DISCUSSION
Mallards have been known to feed on perch (Perca fluviatilis), roach (Rutilus rutilus), dace (Leusciscus vulgaris), and three-spine stickle-backs (Gasterosteus aculeatus) in Europe (Harrison and Harrison 1962 , Vinicombe 1979 , Harris 2005 . Mallards have also been documented feeding almost exclusively on rainbow smelt (Osmerus mordax) during winter in North Dakota (Olsen and Cox 2003) . Mallards wintering below the Garrison Dam in North Dakota fed by dabbling on entrained rainbow smelt that had passed through the dam (R. R. Cox, unpubl. data). The use of salmon eggs by Mallards in Alaska is apparently a common foraging strategy (T. C. Rothe, pers. comm.) . Sizeable concentrations of Mallards were observed at creek mouths littered with chum (Onchorhynchus keta) and sockeye salmon carcasses (P. L. Flint, pers. comm.) during September aerial surveys at Izembek Lagoon. It could not be ascertained from the aircraft if Mallards were actually feeding on salmon carcasses, salmon eggs or invertebrates attracted to the carcasses. Alternatively, these flocks of Mallards may have been using these areas simply due to freshwater. Esophagi from Mallards harvested subsequent to these surveys from an inland freshwater lake, approximately 1.6 km from the creek mouths were ''full'' of salmon eggs (P. L. Flint, pers. comm.). The lake is Ͻ1 km from several known spawning sites. My observations in conjunction with those of others in Alaska suggest that some post-breeding and staging Mallards in Alaska may incorporate salmon flesh and eggs as a regular part of their diets. Salmon may also be relatively important to staging or wintering Mallards elsewhere in the Pacific Northwest (Munro 1936 (Munro , 1943 Kortright 1943) . Mallard food habits and foraging behavior are plastic, allowing individuals of this species to capitalize on locally abundant, high energy food sources. It is not known to what extent Alaskan breeding Mallards rely on salmon-derived nutrients as part of their seasonal energy budget. I hypothesize that post-breeding (both ducklings and flightless adults) and fall staging Mallards in Alaska opportunistically use or actively select salmon carcasses (and eggs) as a readily available and predictable high energy food source (i.e., protein or fat). Remote telemetry studies provide an increasingly widening window into the study of petrels (Procellariiformes) (Fernandez et al. 2001 , Phillips et al. 2006 . A range of studies has shown this technology can have adverse effects upon tracked individuals. Thus, awareness of the impacts of tracking equipment is crucial prior to the commencement of work with any petrel species and other study subjects (Söhle et al. 2000 , Phillips et al. 2003 , Igual et al. 2005 . The size of available technology has limited at-sea studies to larger albatrosses and medium-sized procellarids (Brooke 2004) . A new generation of lightweight Global Location Sensors (GLS loggers) (Afanasyev 2004 ) now presents oppor-tunities for study of the movements of much smaller species (Ͻ400 g) across a broad range of taxa. There is currently no published work detailing the effect of GLS loggers on the foraging behavior of small petrels (Ͻ400 g).
METHODS
I examined the effect of dummy GLS loggers (DLs) on Cook's Petrel (Pterodroma cookii) over the course of single foraging trips from a colony on Little Barrier Island, New Zealand (36Њ 12Ј S, 175Њ 05Ј E). Twenty adult Cook's Petrels were captured (average adult weight ϭ 200 g) (Imber et al. 2003 ) during 1-16 February 2006 from 10 burrows where they were returning to provision chicks. All adults were banded and DLs (20 ϫ 15 ϫ 6 mm, mass 4.5 g: Ͻ2.5% of adult body weight) attached to feathers between the wings of five randomly selected birds (Lϩ) using tesa-tape (Tesa-Brand 4124, Beiersdorf, Germany) following Söhle et al. (2000) . Fifteen birds were used as controls (C) and handled for approximately the same duration as Lϩ birds. Birds were returned to their burrows and allowed to leave for sea of their own accord. Chicks were weighed daily at midday during the 2 weeks of the study to the nearest 2 g (using a 600 g pesola scale) to establish mean weight loss over a 24-hr period and allow for calculation of provisioning size. Returning adults were recaptured at night (one field worker each monitored 5 burrows) when exiting the burrow after feeding their chick and DLs were removed from Lϩ birds. Each chick was weighed after the return of adults. The amount of food provided at each provisioning event was calculated upon completion of the study by adding half of the mean 24-hr weight loss to the postprovisioning weight increase (provisioning events occurred between 2200 and 0200 hrs).
RESULTS
All Lϩ and C birds were recaptured at the colony and four of five of the Lϩ birds returned with the DL still attached. Duration of individual foraging trips was highly variable ranging from 2 to 13 days in C birds and 3-13 days for Lϩ birds (Fig. 1A) . Lϩ birds had a slightly longer mean (Ϯ1 SE) foraging duration (8.1 Ϯ 3.4 days) than C birds (6.5 Ϯ 3.3 days) but this difference was not significant (Mann-Whitney U test, U ϭ 25.5, P ϭ 0.29). However, the sample size statistical power, calculated using 2 sample t-tests, was low (0.29 @ ␣ ϭ 0.05). The mean 24 hr weight loss for chicks over the 2 weeks of the study was 17.2 Ϯ 1.9 g. Individual provisioning provided to chicks ranged from 6 to 74 g in C birds and 41 to 65 g in Lϩ birds (Fig.  1B) . Mean provisioning size, was slightly greater for Lϩ birds (50.6 Ϯ 4.5 g) than C birds (42.6 Ϯ 18.0 g) but did not differ be- 
DISCUSSION
Previous studies demonstrated a range of effects that reduced flight efficiency may have upon breeding petrels (Ͼ600 g) including (1) extension of foraging trips, (2) reduction in chick provision size, and (3) nest desertion (Mauck and Grubb 1995 , Klomp and Schultz 2000 , Freeman et al. 2001 , Phillips et al. 2003 . My preliminary results suggest little detriment of a 4.5-g attachment on foraging duration, chick provisioning, and fledging success for Cook's Petrel over single foraging trips. DLs returned exhibited no evidence that birds had attempted to remove the devices and the loss of one DL was attributed to attaching the device during wet weather when moisture may have reduced initial tape adhesion. Sample size and, thus, statistical power were low in this study. The lack of any demonstrable effect of the dummy loggers on Cook's Petrel is likely related to the size of the attachments, short-term nature of their use, and foraging strategies used by this species. Studies on pe-trels have demonstrated that attachment size is a key consideration, with devices greater than 3% of body weight being shown to negatively impact foraging behavior (Mauck and Grubb 1995 , Freeman et al. 2001 , Phillips et al. 2003 . The DLs used were less than 2.5% of adult body mass, approximately 5% of the mean meal size carried by adults, and were used for single foraging trips. In addition, Cook's Petrels are gadfly petrels, a group of small to medium sized petrels that are primarily surface feeders (Imber 1985 , Brooke 2004 . Thus, birds would not be strongly affected by the underwater buoyancy or drag from an attached DL when feeding, unlike other small petrel taxa such as shearwaters (Puffinus spp.) and diving petrels (Pelecanoides spp.) that regularly make deep dives in pursuit of prey (Brooke 2004) .
It is unlikely the energetic cost of carrying the DLs would have been absorbed by adult Cook's Petrels in this study to maintain frequency and duration of chick provisioning. Cook's Petrels are long-lived, trans-equatorial migrants and, like other petrels, an extremely K-selected species (Phillips et al. 2006) . Their life-history strategy balances the breeding season requirements of chick rearing with need to minimize costs of any breeding attempt and extend fecundity over a long life span (Warham 1990 , Brooke 2004 ). This strategy is dependent upon flight efficiency as birds must locate and exploit ephemeral prey sources over vast distances. Studies with petrels indicate that increases in foraging costs from experimental attachments are transferred to chicks rather than absorbed by adults (Mauck and Grubb 1995, Weimerskirch et al. 2000) . Thus, any debilitating effect from an attached logger would be reflected in an extension of trip duration and/or reduction in chick provisioning. How attachment of GLS devices may affect adult petrels during more extensive periods of attachment and how other small petrel species may respond to these loggers remains unknown. Further studies should be conducted on petrel taxa exhibiting different foraging techniques to those of the Cook's Petrel.
